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Preface, 



When an intelligent student or an amateur happens to read a bock 
on astronomy which describes the motions, distances, appearances 
physical conditions etc. of the Sun, the Moon, the Planets and the 
Goinets, or when he, comes, across an almanac which gives the posi- 
tions of these heaveply bodies, the times of their meridian passage, 
tlLair apparent discs etc., the instants of the first and last contacts 
of the Solar and ..Lunar Eclipses, he naturally asks to himself how it 
isjaossible for men on Earth to predict these celestial phenomena. 
His curiosity to unravel this mystery is highly excited. But it often 
happens that, although he may possess natural aptitude for the pursuit 
othis Grand Science he i? forced to giro up his object in dispair for 
want of suitable books. The planetary Tables of Leverrierand the Lu- 
nar Tables of Hansen which are written in French, are voluminous and 
costly. Their total cost ezceeds Rs. 100. The prices of theoretical 
works are also similarly prohibitive. Besides, these books presuppose a 
scholarly knowledge of the higher Mathematics in the reader. 

My object in writing this little book is, in the first place, to enable 
a beginner to calculate the various articles of an Almanac with a 
sound knowledge of the theory of the processes involved in them,, and 
setconcUy to encourage him to carry on undeterred, the study of the 
most profound problems of the Celestial Mechanics. I, however, leave 
it to the students and savants themselves to say how far I have been 
successful in my efforts* Should this book meet with general apprecia- 
tion I Vhall feel encouraged to produce, though late, some of the other 
and books of the Astro-Mathematical Series. 

The Huthor. 

Poona.) September 1914. 
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TaWe 1. Arg. =Dajs elapsed. Mean Motions of the planets- 
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Table 3. Arg=( J" - S ), Jupiter's Small InequaUtj. 
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Table 5. Arg=Cycles. Motions of Perihelia, 
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Tftble 6 - A *g = Cycles-, Motions of Nodes. 



Arg 



O OO 0*00 



Sun 



Her. 



3T. 



*o<: 



'3 



Ven 



V?? 



{o.^ 



Mars 



Jup. 



Sat. 



0.^0 



,Ura 



-v? 



Nep 



Ar 



Table -7 Arg=A=Mean Anomaly, Equations of Centre. 
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Table 7. Arg = A; Tbe 
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'aWe 9. Arg = B; The Helio-centric Latitudes; 
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Table 11. Arg. = Sun's mean Anomaly ; Parallel Distances, 
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Table 11, Arg. = ^up ? mean Anomaly ; Parallel Distances, 
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Table 15. Arg. = 0; Inequalities of the Geocentric Motions. 
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Sub-Table 15. Arg.=Mean Anomaly of Mercury. Correction 
to Geocentric Motion of Mercury. 
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Sub-Table 16. Arg.-O-, Brilliancy of Venus and Mars, 



Epoch 



30 



Arg. 



3T. 



n 



Arg. Arg. 1 



at. 



a. 



3T. 



( Motion for Cycles. 



at. 



3T. 



<:<: 



at. 



3T. 



3!Iifonrf^. 



( Motion for Bays. ) 



3T. 



Arg. 2 



Arg. 3 



3T- 



Arg. 4 



Moon 



3t. 



^ 
S. Node 



Table 17. Epochs and Motions of Avgum&Bte,' Moon and 
Supplmnt of Node. 
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AC = ip;qq-fcrc = a = Mean Distance. 

QS =s if^q? ? = y = Radius Vector. 

^.CQS =JTt-q-jrfrpTfr= y = Intermediate Angle. 

AGP fcsrftjr PCO ^?a^f ^r ^r $^ *joi% AGO 
AGP ^srfisr PCS | 

SJf 3T r? CTTcTf 

r tfsfa snft, 701 ^pq^ 

u, srri% ^ w arrrSf e 

e 



ACO ^ = ASP ^. ( 

AGP ^r-ACQ ^ = AGP - ASP 



t + E - E ) = -n< 



(t) . 

(Euclid's ElmentB. Axioms 2 aad 3.) 



) p 



P **n upf ^r writ smg- 

ltff. qRcpr AGO ^r, ASP 
AGO ? 



ASP 




PCO 



= PCS 



9TTir 



PCS fNTtT ^ = | PC. SE ; (PCE ^ SE 

= JPC. CSsin ACP. 
| PC 2 ^ PCO = J PC. CS sin ACP. 
= (CS/CP)sinACP. 



= <? sn u. 



nsf = w-e sn z< ...... . 

u - nt + e sin u. 

P ^r ^i3 ^f ^r^r s^'. ^mf P 



(Hypothesis) P 3TTFT Q 

^ SR: A Tri?T 

S 
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2AKB ^sr : 2 ALB ^ ; : ASP ^ : ASQ %=sr. 



2 AKB ^ : 2 ALB ^ : : OK : CL ( ^t- 



ASP $3r : ASQ sfer : : CK : CL. 

w P HSTTI-T ALB TT ^si^n^fer Q 
PQM ^rr AB ^r m ^^ ci^ 5^te SPTM 

CK : CL : : MP : MQ (& f%.) 



ASP f ASQ ^ t : MP : MQ. 

. ^ f ww ASP ^ ASQ qr 



an*),. 



Q 



anrft 




. ( Oiioular Measure ).; 



AKPM *fr : ALQM ^ : : MP : MQ (tf. 

SPM f^Rur : SQM fN>i : : MP : MQ (fir. 
- SPM) : (ALQM - SQM) : : MP : MQ. 
ASP $N- : ASQ ^r : : MP : MQ f %gr. 

T ^ % f^ ^ ^ -^ p m ^ Q ^ A 
guff mrw CTT Q ^ % ift PM *rr ok War amm. 

Q ^ CTR f%FTcT ?rrs. ^TR^T ACP^rsnft ASQ 
u anPr ^ ^r ti^Nr tfsfa 2Ri%rf ^crt. 

= L AGP + ^PCQ + ^CQS ( 
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- J ( 1 - cos <3 ) sin 2 ^. 
i ( 1 - cos e ) * 
^< = ^ - e sin M 

THclt. f^pr sin e = 
( 1 - coa e ) ( 1 + cos e ) = sin 2 e = e* 



sin 2 M 



SE' 
SQ ; 



(i- 



f r 



SB' =CSsinSCQ. 

=.CSflin(-H + j8). 
= - J d 2 sin 2 w. 
SE 7 = CS sin (w- sin 2 

? fT 



SE'' = CS sin 

SE' CS sin 



sinw sn u 



SQ/AC ^rr 



terms of u ) 



) %^f AOB 
S qr ^^r ^Fi^HfcT i;l wf . Q ? i 
BRCT. SQ = r H*nn. 

Q ItfTTgjf AB ^THR^: QM c 
I^CT f^OTfcr ^^r ^nSfsr. AGO 
CO = ^mi = a, CS/ AC = 



f%Tcf 



filler u &$&&> ( in 
sin y 'fr fiMw jf- 



. AQB 



Q 



-, AC ~ 



Sin 



(coefficient) 



f ^ 5rf 







affiif AGO ^TRTW SQ ^$of :- 

OM a OC sin OCM a a sin u. 

QM a VI 1 ?, OM = Vl" 1 ?* a sin u. 
MS aCS 



+ a 2 cos 3 u - 5 a*# cos &' 



g Bin iJ u + a 8 cos 3 u a a 2 , 
aV =s aV sin 2 w = a 2 ^ 2 ( l 
SQ 2 = a 2 + aV cos 2 w - 2 
SQ **a *~ ae cos w, 
r a ( 1 - e cos u ). 
t* 

as ( 1 - tf COS U ) 



u 



, sin y = 



sin 



I a w + e sin w + i e l siii 2 



= u + a sin u 
= u - a sin ^ 



sin 2 



- nt * 



cos 2 u. 



SQ/AC 

SQ/AO a r/a ( 1 - cos u ). 
sin y zz e sin u\( 1 - 5 cos u )* 
a (? sin u (I ^e cos u Jf 1 
w e sin w ( 1 + <? cos & ). 
s= ^ sin w + e* sin w cos w, 
y A ^ sin M + | <? 2 sin 2 w* *.. ... .;. 

y 
*) Tss i' ^ oriro w 




a 3 sin s t* + aV + a 2 cos 2 w - 2a f e. COE i*. f 
-a 2 sin s u - a 2 <3 2 sin 2 u + d 2 e* 
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nt 



eft 



( H 



nt 



f $rq- w = n? + <? sin 
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sin u m q^rfr 

3Tff ^f, tf llFfT nt 

swt. ^ u - 



e 

cR 



sin nt. 



nt 



2 e sin ( ni + e sin w f ) + J 2 sin 2 nt. 
2 e&in (nt + ent) +%e 2 sin 2 nt 
2 e \ ( sin nt cos en ) + ( cos nt sin ent ) 

+ | e 9 sin 2 n^. 
2 e \ ( sinn/ x 1 ) + ( % e sin 2 nt. ) \ 

+ \t* sin 2 nt. 

e sin nt + <? sin $ nt + J * 2 sin 2 n*. 
2 e sin nf + | / sin 3 nt. 
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X 



sn 
. + 1 -2 sin 2 



JTf^orf. 

r/a = ( 1 - e cos u ) t 
u ?5T w = nt + e sin 



a 



= 1 - e cos ( n + e sin n 
= 1 - i cos n? 4- / sin 2 nt. ^f 



sin 1 ni? = |( 1 - cos 2 nt ); t 



cog ( A -f B ) = cos A. oos B f ~ sia A, ein B 

% \ oos ( l -f $nt) = 

{^ > 

( cog w*. 008 ent ) - ( sm nt. sin w^ ) i 



^qrfTT 5"* ry^R', 

^ oos ( nt -f <m )=e COB nt - a gin s n^. 
( f ) oos ( A 4- B )cs oos A* cos B - sin A. sin B 

A =t Ba^rR 
oos ^ A =3 cos fl A *- sin $ A 

= ( 1 - sin 9 A - sin 9 A ) 
= ( 1 - 2 sin 9 A ) 
A 2 sin 11 Ass 1 - cos 2 A 
. sin 3 As ( l~eos;B A ) 
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- 
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P ""^ ^ ff ^^ ^tr PHK ^r *is 3rn%f^^ OK 
. PK ^ AB ^ E.i^ ^. PM ^r 00 



ES = PO = PM = CK 

CS = ES. cosec w. <K<JJ <jsn, u 

.ntr /-^j-r 

*utt = OK. cosec nt t ^PW ^ CHE nt 

ES = CK, 3TT[% u = 
CS = CH 
CS= GHare^^H 

OC, PH ?r ^Ticn:^ antcr. STTWJ^B 
AGO ^ AHP ^iqq^r srr?. AGO ^JT 
- AHPs - - - 
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fr irrffcfr 
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ft wfif f r 



ir?r4t. 



frff 



ftjm f^mfw 
^f% *TH^FT *TR 
if^mm gj^wSnr i fJTftm 



ft^t eft 



?nr 



Cr^r a 



fta 



?ftsrv (Annual Parallax) fnranr. 



( Apex ) 



^ + 



3Trwr irar tr^r ^ snf&r 



1 : VH qr IWfa STrfcT- ^^^[0? cfl 







f^fTTW 3fcR 
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V 
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ESV + VSC = rEV = 



art? f^r w 
. ito S, M, arn% E 
. EH ?r ?5^i, SH fr 
. EMS ^IT itTiwqfS' sflif . ME 



g-=?f 
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MH fi 



^i^mftr 






) E 



%rifi w EB 



.<nrat...TR5i 



itNr 
( Greatest Elongation ) *?or?iT?r 



t 

titf i; 

i:\ % > 



aw% sf 



tf 



srr^f 
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)d*jmi-4) 



atf qScir. ( jffcr 



^R5cT Slfff, 



^ T?i7^5?T 



WT5T. 



3TTWT 
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e. PSE * 



mfil 



tfhrctf 



Q sriFt 



L 



QG = 
m ^ fnfte 



GH, GO 
Q ^ 

, ESP 



, SQ 
GC^rSP 



" x 



. TO 



*ft 



HD 



SGH = .^ 
. f?pr twr 



A HGD 
HD = ,QH sin HQD. 



HD = ga^ x sin SPE. 



sin HGD = 

HG 



sin SPE 



PE 



-^cr QP , GE ff 

a n 

an% 



fr 






vmfi atfhr n|. 



V felt fftftcffc qifc 



ant. 



APCI 

ASC $ 



. ) 
AQC ft 

, PAQ ir 



, A 



ACQ ft *fftnrit iragft 
. APC ? ^n* *m*w 
Q pn=ff ^ ^. nr^r AQO * 



ant. PQ fr AQC TTCT- 



QP ?r Q wff fftftar ^r^r t?r ftfe. 
SQP STI^ EQP ^ R 

nt. ir<rr^ PEQ 
SP ir *T*RT i^*f p^Tr ^maoii'cT an*. 

^f P 
. SP jr^orr?iyr PSQ 



e PSQ 
K' 

S 



SP 
SQ fir SP 

( OrthogonaJ Projection ) 
?rc SP. ^y SQ 



( Projected ) SQ ?rrr 



SQ = SP 8i^ 



PQ = SP. sin PSQ = SP x * PSQ . 
PQ SP x 



QE 
x SP* .QE = 




f il 



PQ=SPsinPSQ; 
SQ = SPcosPSQ; 

9TT2R ^ SQ, SE aTfffi QSE 
QE srrf 3frf5r SEQ *frr ^I^TCT. SEQ *}*r 

3Tff5t ^rff^f T^fcH; ( True distance 



from the Earth ) ff a 



QE . 

PE = QE sec PEQ = 



arr^r. If ^rfciX i^pteranr cfl^r it^r 





%TKRI3S 



flow- 
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. V, anW T ft IWfri 



n, m 

' nt n fi 
( Belative motions 5 



V 



flTK Tilt, 'l 



E 



TEU 



v < 



PQ ^r EQ ^*R * 
PVK It *t ^W sril 

vpysx 



PQ x VP x'-co- EVS 

'. iiVS- 




VS - 



cos EVS 




=( < ) 



-s'-o )x i -r 



w S, V, E 1 3 

EH TT ^ 3TT1% Pt 

ant HG, PE 



f^ff E, V SWF 
3TT|fr. C 



^ iit?r. 

VP 

3Tlf?T. HE ^ 

. T,U ft 



, EVT 



?rf arnot 
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iw% HEU 



Tfflcfr 



aT 



V 9f T 



arrfSt 
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^. 

'e. SEH 



*$*% 
an? 



EHP 



EHP 

^SVE + iPVQ = \. 



PQ s 




PQ= VS- ^VSP-cosSTE. 
5* EH = KS *ESH. 

HG = EH-cosSEV. 

= KS. c. E8H. cosSEV. 
jr. PR = PQ + HG, *Kr Qlt = HG. 
P R VS; ^VSP-coHSVE ES- ESH- coa SEV 



IIP 



, = sin RHP = 
HP 



HP 

PH = VE 



VS. ^VSP. COB SVE ES. ESH. cos SEV 

+ 



>rffo*Tfer x 



". ^rfr<5 

TfHt' T^ 



Ttec5f 



= i x 
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ffflf 
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ftcf 
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1 + 
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2 ew 
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Weft 
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fqir A differential coefficient; q^nnj ifort A difteren- 
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ftf ?. An integral, f^f^ror % To integrate, 
lodifierentmte, q%r^^ A function r 
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f z ^f ar&* CK A q- E 
f^war. TOT ahr w S ^ a^y ?R E 
S ?rtJT^ ZES ^> ftflc* arrrSt A qr 
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ETA 
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STli'SRt 
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OB 
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